Wolbachia--mediated protection against viral infection has been extensively 30 demonstrated in Drosophila and in mosquitoes that are artificially inoculated with D.
Introduction 45
All organisms experience a combination of beneficial and detrimental 46 colonisations by pathogens, commensals and symbionts, with profound effects on host 47 physiology, behaviour, ecology and evolution (Bennett and Moran, 2015; Douglas, 2015;  48 Gandon and Vale, 2014 ; Lewis and Lizé, 2015; Werren et al., 2008) . Bacterial 49 endosymbionts of insects, for example, are known to manipulate host reproduction 50 (Engelstädter and Hurst, 2009; Werren et al., 2008) , to alter the host's acquisition of 51 essential nutrients (Douglas, 2015 (Douglas, , 1998 , and to provide protection from the deleterious 52 effects of parasites and pathogens (Brownlie and Johnson, 2009 ; Hamilton and Perlman, 53 2013).
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All flies infected systemically with PA14 via intra--thoracic pricking died within 126 24 hours (Fig  1a) , and in line with previous work (Wong et al., 2011) , we did not detect 127 any significant effect of Wolbachia status on the rate at which they died (Cox 128 Proportional Hazard Model, Likelihood Ratio X 2 = 0.003, DF=1, p=0.959), regardless of 129 sex ( 'Sex' effect, X 2 = 0.860, DF=1, p=0.354). Flies that ingested and acquired an enteric 130 infection of PA14 died at a faster rate than control flies exposed only to a sucrose 131 solution ( Fig. 1b;  ' Infection status' effect, Likelihood Ratio X 2 = 64.27, DF=1, p<0.0001).
132
Fly mortality during enteric infection was significantly affected by their Wolbachia 133 status (X 2 = 6.32, DF=1, p=0.013). This protective effect was not substantial in female .27, p= 0.033). One explanation for the difference in initial microbe loads in males is 171 that Wolbachia could cause behavioural changes, such as reduced feeding rate, that 172 result in reduced infection. However, we did not find evidence that the lower CFU 173 numbers seen in Wolbachia--positive male flies resulted from lower feeding rates (Fig. 174 S1). Another potential explanation for the difference in initial microbe loads in males is a 
Wolbachia--positive flies show increased expression of IMD pathway genes 180 during the early stages of enteric infection 181
Given the preliminary evidence of increased antimicrobial activity in Wolbachia -182 positive males ( Figure S2 and S3), we decided to test for differences in the expression of 183 antimicrobial immune pathways. While previous work has found no effect of Wolbachia 184 on the expression of immune genes (Wong et al., 2011) , or on bacterial 185 clearance (Rottschaefer and Lazzaro, 2012) , this has not been tested in the context of 186 enteric bacterial infection. Other studies in Wolbachia--free flies have demonstrated that 187 the IMD pathway plays an active role in the response to enteric bacterial infection 188 (Buchon et al., 2014 (Buchon et al., , 2009 Kuraishi et al., 2011) . We therefore tested whether flies 189 carrying Wolbachia showed increased expression of genes involved in IMD--mediated 190 antimicrobial immunity.
191
In Wolbachia--positive females, we observed a significant increase in expression 192 (relative to uninfected females) of two IMD pathway receptor genes-pgrp--lc (p = 193 0.0002) and pgrp-le (p = 0.004) at 96--hours post--infection ( Fig. 3) . In PA14--infected 194 males, however, carrying Wolbachia resulted in a slight decrease in pgrp-lc expression 195 relative to uninfected males (p = 0.03), although this difference was transient and only 196 observed at 24--hours post--infection ( Fig. 3) . Overall there appears to be little effect of 197 Wolbachia on the expression of either receptor gene in male flies (Fig 3) . We observed a 198 significant 3 to 4--fold increase in the expression of the antimicrobial peptide (AMP) gene 199 attacinA (attA) in Wolbachia--positive males at both 24 hours (p = 0.002) and 96 hours 200 (p < 0.001) post--infection. We did not detect any difference in the expression of this 201 AMP gene in male flies that were free of Wolbachia, or in female flies, regardless of their 202 Wolbachia status (Fig. 3) . These results suggest that the initial difference in clearance 203 between Wol+ and Wol-- male flies could at least in part be due to Wolbachia--mediated stable bacterial load following that same time period, which suggests that male flies are 211 better than females at clearing enteric PA14 infection (Fig. 2) . We could therefore 212 expect females to pay a survival cost due to higher bacterial loads but instead we find 213 that female flies have a similar survival probability to males, especially for flies that are 214 Wolbachia negative ( Fig. 1) . This suggests that females are better able than males to 215 tolerate P. aeruginosa enteric infection because they are able to maintain a similar level 216 of health to females, while tolerating higher bacterial loads (Ayres and Schneider, 2012;  217 Medzhitov et al., 2012; Råberg et al., 2009 ). Male flies, however, showed a marked 218 increase in survival when they were Wolbachia positive compared to Wolbachia 219 negative males ( Fig. 1) , even though the rate at which both groups clear infection 220 appear identical (Fig. 2) . This suggests increased tolerance in males mediated by the 221 presence of Wolbachia. In females, the survival benefit of Wolbachia appeared to be 222 minimal, suggesting that Wolbachia--mediated tolerance could be sex--specific.
223
To better assess these differences in disease tolerance mediated by sex and 224 Wolbachia status, we plotted the relationship between host health and microbe load for 225 matching time--points ( Fig. 4 ). In all cases, these data were better described by a non--226 linear 4--parameter logistic model than a linear model (Table S1 ). 
315
In the current experiment it is notable that bacterial numbers did not increase 316 throughout the course of the infection, but were cleared at a near exponential rate ( We found that the expression of gstD8 was elevated in Wolbachia--positive males, but not 342 female flies following 96--hours of oral exposure to P. aeruginosa. This pattern of 343 expression is consistent with the increased survival observed in Wolbachia--positive 344 males compared to males without the endosymbiont (Figure 1b ).
345
In addition to this detoxification response, we also measured the expression of 346 genes involved in tissue damage repair (gadd45) and a component of the peritrophic 347 matrix (CG32302), a protective barrier in the fly gut (Lehane, 1997) . In males, the 348 presence of Wolbachia did not result in an increase in these genes within 96 hours of 349 oral exposure to PA14, but females carrying the endosymbiont showed significantly (Table S1) 
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Gene expression 555
We used qRT--PCR to test for differences in the expression of genes known to be involved 
569
Our aim was to test if the expression of these genes varied in a sex--or 570 Wolbachia--specific manner in flies that were infected orally. Groups of 5 flies for each 571 sex / Wolbachia combination were exposed orally to P. aeruginosa infection in triplicate, 572 as described above, and then frozen in TRI reagent at 4, 24 and 96 hours post--infection. 970 971 S1 file. Materials and methods for feeding assay and PA14 growth inhibition assays. 972 973
